The study looks at the cyclical behavior of the markups and assesses its impact on inflation dynamics. The analysis finds that the aggregate level of the private sector's markup is relatively high, thus pointing to the lack of strong competition in South Africa's product markets. Additionally, the results suggest that the markups tend to move in a countercyclical manner, with a short-term positive impact on inflation. This implies that the countercyclical pattern of the markups is one factor among others that contribute to the relatively weak output gap-inflation co-movement. In the context of South Africa's inflation targeting framework, the counter-cyclical markups may also generate an asymmetric response of monetary policy to the fluctuations in economic activity. JEL Classification Numbers: D43, E32, E52
I. INTRODUCTION
South Africa made a substantial progress in recent years in liberalizing economic policies and in strengthening the enforcement of competition policy. However, the product markets' competitiveness still lags behind that of the most dynamic emerging markets, reflecting high market concentration, heavy burden of regulations and high entry barriers imposed by state-owned enterprises (OECD, 2008) .
1 In this context, the intensity of South Africa's local competition is ranked at 63 out of 139 countries by the World Economic Forum, significantly behind most of the G-20 member countries (Figure 1 ).
The lack of competition in South Africa's product markets, and in particular the high concentration across sectors, was found to be associated with high price-cost markups in the manufacturing sector.
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Beyond its adverse impact on productivity and growth, the high markups and their volatility may have a substantial impact on the overall price dynamics during economic fluctuations with repercussions on the monetary policy's reaction function. Understanding this link seems to be highly important, particularly in South Africa, where the Reserve Bank operates within inflation targeting framework.
The economic theory is rather ambiguous and does not provide a solid prediction as to the cyclical behavior of the markups. 3 Among other factors, the markups' volatility largely depends on the relative stickiness of wages and other costs to prices, which tends to vary among countries, reflecting different structures of the labor and product markets. Additionally, the volatility of the markup can also reflect strategic decisions that are taken by the firms during economic cycles. In this regard, the "Customer market" model of Phelps and Winter (1970) suggests that the markups are pro-cyclical as firms lower their current prices to expand their customer base when they anticipate higher sales in the future. Alternatively, other models suggest that the markups should be counter-cyclical as higher competition during economic upswings compress the markup (and vice versa) through various channels. For example, Rotemberg and Saloner (1986) argued that the markups decline during booms because firms are less able to collude as their incentive to reduce prices and increase their market share is higher. Stiglitz (1984) also advocated the view that markups are countercyclical by arguing that firms try to deter the entry of other firms to the market during economic booms by lowering the markups. Additionally, Stiglitz and others such as Blis (1989) , Klemperer (1995) and Okun (1981) claimed that the elasticity of the aggregate demand declines during economic downturns, thus leading to higher markups due to increased pricing power.
Other group of models attributed the counter-cyclical of the markups to the imperfections of the capital market. In this regard, Greenwald et al (1984) , Gottfries (1991) , Klemperer (1995) , and Chevalier and Scharfstein (1996) , suggested that markups are counter-cyclical because during recession, when firms have a low cash flow and a greater difficulty in raising external funds, they tend to raise the markups to meet their financing needs.
The empirical evidence regarding the cyclical behavior of the markup is not robust. The results seem to depend on the estimation techniques and assumptions used to identify the marginal cost of production, which is a key component of the markup. The large literature in this area includes, Macallan et al. (2008) , Haskel et al. (1995) and Machin and van Reenen (1993) who found that the markups move pro-cyclically in the UK; Morrison (1994) who found a pro-cyclical pattern in Canada; Blis (1987) , Rotemberg and Woodford (1991) , and Olivera Martins and Scarpetta (1999) who found evidence of counter-cyclicality behavior in the US. In the context of South Africa, Fedderke et al (2007) , who examined the period of 1970-97, found evidence of a countercyclical pattern in the manufacturing sector.
Beyond the cyclical behavior of the markups, the analysis also touches upon the link between the markups' volatility and inflation. Here again, the literature is not conclusive and depends on the direction of the causality as well as the horizon of the impact. Neiss (2001) , for instance, found a positive correlation between the markups and inflation across OECD countries, arguing that higher markups raise the monetary authorities' incentive to increase output, leading to higher equilibrium rates of inflation. A positive link between the markups and inflation was also found in Chirinko and Fazzari (1999) and Bowlder and Jansen (2004) . Some New-Keynesian models, such as Ball, Mankiw and Reis (2003) , and Steinsson (2005) also suggest a positive correlation between the markups and inflation as they interpret the change in the desired markup as a cost-push shock. Other studies, which looked at the impact of inflation on the markups, pointed to a negative correlation. In this regard, Benabou (1992) argued that higher inflation leads to higher price dispersion, which increases competition in customer markets and as a result reduces the markup. Banerjee's and Russell's (2005) findings support this line of argument.
The aim of this paper is to look at the cyclical behavior of the markup in South Africa at the aggregate level of the private sector, and to assess its impact on inflation dynamics. The analysis, which focuses on a period of three decades and based on quarterly data, finds that the markup of the private sector is relatively high, consistent with previous findings. The analysis also indicates that the aggregate markup tends to move in a countercyclical manner, with a significant impact on inflation. The latter implies that the markup's countercyclical behavior is one factor among others that contribute to the relatively weak co-movement between the output gap and inflation in South Africa.
The rest of the paper is organized as follows: section II lays out the motivation for this study by presenting some stylized facts related to the sensitivity of prices to the output gap in South Africa and pointing to the main factors that may contribute to it; section III presents the empirical methodology related to the markup calculations, and discusses the observed correlation between the markup volatility and the business cycle. Section IV presents a VAR analysis on the link between the markups, inflation and the output gap, and discusses the main results, and section V provides some conclusions and discusses the implications for monetary policy.
II. THE LINK BETWEEN PRICES AND OUTPUT: SOME STYLIZED FACTS
In view of the potential impact of the markups' cyclical behavior on the overall price dynamics, this section aims to shed light on the link between prices and output gap, also from international perspective, and offer some explanations to the observed link.
In South Africa, the co-movement between output and prices seems to be rather weak. The correlation between the output gap, as measured by the deviation of real GDP from its Hodrick -Prescott filter, and the change in GDP deflator for the period of 1980-2009 stands at 0.12, and is reflected in a relatively moderate slope of the trend line (Figure 2) . The correlation between the output gap and CPI inflation is slightly higher, but still low at 0.24. The 10-year rolling correlation shows that it was highly volatile over the sample period, and during the 1980s and late 1990s, it was even negative ( Figure A1 in the Appendix).
From international perspective, the output gap and price co-movement in South Africa is also relatively low (Figure 2) . Although the comparison depends on the measurement of inflation (CPI or GDP deflator), it shows that South Africa's correlation in the past decade was positive in the 0.2-0.4 range, below the median of a sample that includes more than 40 advanced and emerging markets.
The absence of a strong co-movement between output gap and prices in South Africa may reflect several factors. For one, it may reflect the relatively strong persistence of inflation, in part due to inflation expectations that are largely backward looking. Second, it may result from the evolution of exchange rate and its relatively strong and fast pass-through to prices and the fact that economic downturns (upswings) in South Africa are often associated with exchange rate depriciation (apreciation). Third, the weak co-movement of prices and output may also reflect the evolution of comodity prices, which are weakly correlated with South Africa's business cycles. 4 An additional factor that may contribute to the weak sensetivity of prices to output could be the cyclical behavior of the markups. This will be the focus of the next sections.
III. MEASURING THE MARKUP AND ITS CYCLICAL PATTERN

A. The link between the markup and the labor share
The term markup, , is typically used to refer to the gap between the price that a firm charges, P, and its marginal cost, MC. However, since the marginal cost is not an observable variable, it can be expressed in terms of labor share, S, and the elasticity of output with respect to labor input, , , as follows:
where MPL denotes the marginal productivity of labor. Assuming that the elasticity of output with respect to labor is fixed over time, then the change in the labor share is inversely related to the change in the markup. 
Median
In South Africa, the evolution of the labor share seems to move in a pro-cyclical manner. Both the labor share of the economy as a whole and that of the private sector tend to increase when GDP is above potential and decline during economic downturns (Figure 3 ). This may suggest that the aggregate markup moves in a counter-cyclical manner, assuming that the elasticity of output with respect labor is relatively stable over time. A closer look at the labor share, which can be also expressed as the ratio between the real wage and labor productivity, reveals that part of its pro-cyclical movement can be attributed to the movements of the real wage per employee, which, apart from the episode of the sharp decline in output during the early 1990s, seem to have high and positive correlation with the output gap (Figure 4 ). One explanation for the pro-cyclicalicality of real wages is the counter-cyclical markups.
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Yet, given the upward pressures on prices in episodes of economic expansions, this also requires that nominal wages will be more flexible than prices. In South Africa, this seems plausible given the relatively high frequency of wage agreements and the observed stickiness of inflation. And indeed, the coefficient of variation of the nominal wage is higher than the coefficient of variation of the CPI and the GDP deflator most of the time in the past three decades (Figure 5) .
B. Deriving the markup from the Nominal Solow Residual
An additional approach to measure the markup was proposed by Hall (1990) . Hall demonstrated that the difference between output growth and the weighted average of factor input growth cannot be entirely attributed to autonomous technical change when markets are imperfectly competitive. In particular, he showed that under the assumption of constant returns to scale, with two-input production function and Hicks neutrality in technical progress, the primal Solow Residual (SR) is a function of the price-cost markup as follows:
Where and Δ denote the technological change and the difference operator, respectively. q, l, and k and are the natural log of real value added, labor and capital input. is the labor share. Under perfect competition the price is equal to the marginal cost ( 1 ; however, when firms have a market power, prices are normally above the marginal cost ( 1 .
5 In imperfect product markets, the demand for labor will be a function of the markup. Consequently, countercyclical markups imply that, in economic booms (downturns), the labor demand will shift up (down) and result in higher (lower) equilibrium of real wage. For further discussion, see NBER Macroeconomics Annual 1991, pp. 63-129. The difficulty of estimating equation (2) is that the change in the labor and capital is likely to be correlated with the technology change, thus resulting in bias and inconsistency in the estimates of the coefficient. In the absence of good instruments, Roeger (1995) suggested to compute the Dual Solow Residual (DSR), which, under imperfect competition, is also a function of the markup:
with r and w denoting the natural logs of the wage rate and rental price of capital, respectively, and p denotes the change in prices. Then, subtracting equation (3) from equation (2), would give us the Nominal Solow Residual (NSR), with the technological changes cancelled out, as follows:
The markup can be computed from equation (4).
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The markup's calculation uses quarterly data for the period 1980-2009. 7 In particular, (q+p) is the overall gross added value in current prices excluding the value added of the general government; w is the nominal remuneration per worker in the private sector; the rental price of capital, r is defined as · , where denotes the expected real rate, is the depreciation rate (assumed at 5 percent), and is the price index on capital stock.
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In the absence of full coverage of employment data for the sample period, we use the non-agricultural formal employment of the private sector, denoted by l.
9
In addition, given that the private's sector capital stock is available only on annual basis, we converted the data to quarterly frequency using a loglinear interpolation.
The measurement of the aggregate markup for the private sector points to a low level of competition in South Africa's industries (figure 6). The estimation shows that the average price-cost markup for the period 1980-2009 is around 1.5, which reflects a significant profit margin for the local firms. This level is broadly consistent with the findings in Aghion et al. in various industries in South Africa's manufacturing sector. Additionally, the calculated 6 Rearrangement of equation (4) . Olivera Martins and Scarpetta (1999) demonstrate that the calculated markup in equation (4) should be interpreted as a lower bound if increasing returns to scale are present. markup seems to be quite volatile around its mean and its evolution does not point to a clear long-term trend, despite the liberalization process that took place in the post-apartheid era.
Apart from its high volatility, the calculated markup seems to move in a countercyclical manner (figure 7). The cyclical component of the markup (the "markup gap"), which is measured by the markup's deviation from the HP filter, seems to widen in periods of economic downturns and decline in episodes of economic booms.
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This is consistent with the view put forward by several theoretical models and empirical findings elsewhere. The correlation between the two variables over the sample period is negative at -0.55, although it declined to -0.22 in 2000-2009. 10 The markup gap aims to look at the cyclical component of the markup and exclude the changes in the markup's trend that can be attributed to structural changes in the product markets. A simple OLS regression shows that the impact of the output gap on the markup gap is negative and significant (Table 1) . The link between the markup gap and the output gap is examined in the following specification:
Where
, is the output gap, and ̂ is the "markup gap", both measured in percentage points. The estimation results show that the coefficient of the output gap is significant and negative, and its size implies that a one percent increase of output above potential leads, on average, to a decline of 3 percent in the markup gap.
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A rolling regression, which examines how the coefficient evolved over the sample period, reveals that it varied significantly, shifting from nearly zero in the mid-1980s to negative values in the subsequent periods. In recent years, the negative value of the coefficient seems to have stabilized around minus 4 percent, and although the significance band has somewhat widened, the output gap coefficient remained significantly different from zero (Figure 8 ). 11 The estimation does not show evidence for an asymmetric response of the markup gap to the output gap. 
IV. THE LINK BETWEEN THE MARKUP GAP, INFLATION AND OUTPUT GAP
In an effort to further explore how the markup, output and prices are linked, a Vector Auto-Regression (VAR) was estimated. The estimation is based on a quarterly data for the period 1980-2009 (120 observations), as follows: (6) Where Z is a vector that includes three endogenous variables (output gap, inflation, and the "markup gap"), X is a vector of exogenous variables and A and B are matrices of the coefficients to be estimated.
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The augmented Dickey-Fuller tests for both the output gap and the "markup gap" reject the null hypothesis that the variables have a unit root (Table A1 in the appendix). However, the tests results for inflation indicate that we cannot reject the null hypothesis of a unit root. Therefore, the VAR estimation includes the deviation of inflation from the HP filter, which is a stationary series. The summary statistics for the three endogenous variables and their evolution, which are presented in Table A .2 and Figure A2 in the appendix, show that the three variables moved in a fairly wide range. The output gap shifted from nearly 4 percent above the potential output (1982Q1) to around 3 percent below it (1993Q2). At the peak, inflation reached 19 percent (1986Q3) and declined to -1.8 percent at the bottom (1994Q1). The markup gap moved in a wider range of 28 percent above and below its mean.
The estimation results, which are presented in Table 2 , confirm the countercyclical pattern of the markup. In particular, the results show that a one percent increase of output above its potential, leads, on average, to a contraction of 3.5 percent in the markup gap in the following quarter.
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Although the direct impact of the output gap on the cyclical component of inflation (INFLATION_CYC) is positive and significant, the estimation results suggest that the positive link between the latter and the markup gap tends to moderate this impact. This is shown by the positive and significant coefficient of the markup gap in the inflation equation.
The variables' dynamic behavior was also assessed through impulse response functions (IRFs).
14 This exercise points to a negative reaction of the markup to a shock in the output gap in the subsequent ten quarters, thus validating the counter-cyclicality of the markup at the aggregate level (Figure 9 ). More specifically, the IRFs show that a one percent increase of output above its potential leads to a contraction of about 13 percent in the markup gap (on 12 The VAR estimations include three exogenous variables: the cyclical component of the world GDP, World_Cyc, to control for global business cycles, the cyclical component of world inflation, World_Inf_Cyc, to reflect the variation in commodity prices, and a dummy for outliers in inflation in South Africa, DUMINF, which reflects observations in which inflation moved by one standard deviation or more within one quarter. 13 The coefficient of the second lag of the output gap is positive but it is not significantly different from zero.
14 The shocks in the VAR were orthogonized using Cholesky decomposition. Although in this specification, the output gap was considered as the most exogenous variable and inflation as the least exogenous variable, a change in the ordering did not change the main results. a cumulative basis, 4 quarters). In addition, they indicate that the markup gap is positively correlated with inflation, such that the cyclical component of inflation tends to increase by 15 basis points as a result of one percent increase of the markup gap (on a cumulative basis, 4 quarters). The combination of these two results implies that the countercyclical behavior of the markup tend to moderate inflation over the business cycles and thus contribute to the observed weak co-movement between the output gap and inflation in the past three decades. In particular, the IRFs imply that in the absence of the markup's response to the output gap, inflation would have increased by additional 190 basis points in response to a one percent increase of GDP above its potential (on a cumulative basis, 4 quarters). This may also explain why the response of inflation to the output gap shock -while positive -is not significantly different from zero. The VAR dynamics were also assessed by variance decomposition (Table 3 ). The latter shows the extent of which the forecast error variance of one variable in the system is associated with surprise movement of other endogenous variables. The variance decomposition shows that the contribution of the output gap shocks to the variability of the markup gap is higher than the contribution of inflation shocks. Interestingly, while the contribution of the markup gap shocks to the variability of inflation is higher than that of the output gap shocks in short term (up to five quarters), in the longer-term, the contribution of Response of INFLATION_CYC to Cholesky One S.D. OUTPUT GAP Innovation the output gap shocks is higher. The latter, together with the pattern that is shown in Figure 9 , emphasizes the relatively fast transmission from the markups to inflation. 
Robustness check
The VAR system was also estimated for the second half of the period (1995Q1-2009Q4), which only includes the post apartheid regime and thus avoid a possible structural break in the economic conditions and policies. The estimation shows that the main results remain valid for this sub-sample, although the magnitude of the inflation's responses to the markups' movements has significantly declined (Table A3 ). In particular, the IRFs reveal that in this sub-sample, the markup gap declined on average by 17 percent in response to a one percent increase of output above its potential level (on a cumulative basis, 4 quarters), and that inflation increased only by 4 basis points as a result of one percent increase in the markup gap (on a cumulative basis, 4 quarters). This implies that, in the absence of the markups' response to the output gap, inflation would have increased by additional 70 basis points in response to a one percent increase of GDP above its potential (on a cumulative basis, 4 quarters).
V. CONCLUSIONS AND POLICY IMPLICATIONS
Previous studies, which closely looked at the product markets in South Africa, found a high degree of concentration across industries in the manufacturing sector and high levels of price-cost markups. As markups tend to fluctuate over time, the main purpose of this paper is to look at their cyclical behavior and further explore its impact on the output-price comovement over the business cycles.
The analysis utilizes Hall's and Roeger's approach for the markup's calculation. This methodology, which derives the markup from the Nominal Solow Residual, shows that, during the last three decades, the average markup of the private sector was rather high and it fluctuated in a relatively wide range. Additionally, the analysis indicates that the markup tends to move in a countercyclical manner and its impact on inflation contributed to the observed weak co-movement between the output gap and inflation. In particular, the impulse response functions imply that in the absence of the markup's response to the output gap, inflation would have increased by additional 190 basis points in response to a one percent increase of GDP above its potential (on a cumulative basis, 4 quarters).
The analysis result that the markup's countercyclical behavior tends to weaken the comovement between the output gap and inflation has implications for monetary policymaking, particularly under the current inflation targeting framework. In particular, the markups' countercyclical behavior and its positive link to inflation may lead to an asymmetric reaction of monetary policy to swings in economic activity. During economic downturns, the fact that inflation does not fall as much as it would have in the absence the markup's movement, limits the SARB's room to act fast to support economic activity by significantly lowering its policy rate. The lack of monetary policy support could exacerbate the downturns and even delay the subsequent recoveries. In economic booms, however, the contraction of the markup limits inflationary pressures, and thus provides the SARB with greater room to delay the monetary tightening. 
